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Materials and Methods
Supernova survey and follow-up
Between late August and December 2016, the intermediate Palomar Transient Factory (34) has
been performing a mixed-cadence experiment on the 48-inch Samuel Oschin Telescope (P48)
at the Palomar Observatory searching for transient phenomena, e.g., supernovae. About 100
fields (' 700 square degrees in sky area) were observed every night, while another 200 fields
were observed every three nights. During a night, each field was visited twice, with a one hour
interval. For fields with available SDSS g-and Mould R-band (35) reference images, these two
visits were one in each filter. For fields with only R-band reference images, these two visits
were both in the R-band.
Images were transferred and processed by our real-time image subtraction pipeline at the
National Energy Research Scientific Computing Center (13). This pipeline, equipped with high-
performance computing and machine-learning transient classifiers (36, 37), delivered transient
candidates for visual inspection by our duty astronomers within ten minutes of images being
taken.
On 2016 Sep 11, our duty astronomer identified a transient candidate near the core of the
galaxy SDSS J210415.89-062024.7 in one R-band-only one-day cadence field. This candidate
was saved as iPTF16geu (a.k.a. SN2016geu) and put in the queue for spectroscopic classifica-
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tion. However, iPTF16geu was not observed spectroscopically until Oct 2, as described below,
and both the redshift and the transient type were unknown until that point.
Meanwhile the field was observed with a daily cadence in the R-band, as listed in Table S1.
Difference imaging photometry in R-band was obtained using the iPTF Discovery Engine at
the Infrared Processing and Analysis Center (38, IDE), where references images are aligned
and matched to have the same point spread function (PSF) to the images where the SN is active.
PSF photometry is then carried out and calibrated by matching the photometry of the field stars
to the stellar catalog from the Sloan Digital Sky Survey (21, SDSS).
Complementary follow-up photometry, also listed in Table S1, was obtained in the g′r′i′-
bands with the Rainbow Camera (RC) on the Spectral Energy Distribution Machine (56, SEDM)
mounted on the Palomar 60-inch telescope (P60). For the redshift of iPTF16geu, zSN = 0.409,
these filters provide an excellent match to the rest-frame UBV filters (Fig. S1) that have histor-
ically been used for studying SNe Ia. The RC data was pre-processed following standard pho-
tometry reduction techniques. The host subtraction was done by using the automatic reference-
subtraction photometry pipeline FPipe (39). This is using a similar approach to IDE, but
images from the Sloan Digital Sky Survey are used as reference images of the host galaxy
since such data is not available from the RC. The photometric uncertainty is determined as the
measured scatter from placing artificial PSFs in a circular pattern around the real transient and
measuring their values on the subtracted images. The P48 and P60 photometry is listed in Ta-
ble S2. In the table, only the statistical uncertainty of each data point is quoted. The systematic
uncertainties are all subdominant in this analysis, since the error on the derived magnification
will be dominated by the intrinsic SN Ia brightness uncertainty.
SEDM is a Caltech-developed instrument, designed for fast transient classification and
follow-up. The SEDM focal plane combines a photometric instrument, the RC, and an Inte-
gral Field Unit (IFU) spectrograph. The focal plane of the RC is split into four quadrants, each
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one containing a SDSS generation 2 filter: u′g′r′i′. The field of view (FoV) is 6.5 arcmin2 for
each filter. The IFU, a lenslet array, is mounted in the center. The instrument covers the optical
range 4000−9500 A˚ with a constant wavelength resolving power of R '100, equivalent to a
velocity resolution of 3000 km s−1. Its FoV is 30 arcsec2 and each spaxel covers an approxi-
mate diameter of 0.7′′. A spaxel is a spatial pixel that also contains a spectrum of its detected
photons, which is characteristic for an IFU.
Spectroscopic follow-up
The first classification spectrum of iPTF16geu was obtained with the IFU on the SEDM on 2016
Oct 2. The combined spectrum (Fig. 1) consists of the average of two exposures, obtained with
an offset of 10′′ to allow subtraction of the skylines. The data were reduced using a custom IFU
pipeline developed for the instrument . Flux calibration and correction of telluric bands were
done using the standard star BD+28 4211, which was taken at a similar airmass. An aperture
of 4′′ was used to extract the spaxels. The details of all spectroscopic observations are listed in
Table S3.
The classification and redshift of iPTF16geu from the low-resolution SEDM IFU spectrum
was confirmed by observations obtained with the Double Spectrograph (40, DBSP) mounted
on the Palomar 200-inch telescope (P200) and the ALFOSC instrument on the Nordic Optical
Telescope (NOT).
For the DBSP observations the 600 lines/mm (with first order blaze wavelength 4000 A˚)
grating was used with slitwidths 1.5′′ and 2′′ and the data were reduced with a custom pipeline
written in the Interactive Data Language (IDL). Flux calibration and telluric correction were
done with the flux standard star BD+28 4211.
For the ALFOSC spectrum grism #4 was used with the slitwidth 1.0′′. The data were reduced
with a custom pipeline written in Matlab. Wavelength calibration was performed with a He-Ne
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arc lamp, and flux calibration with the standard star BD+17 4708 observed the same night at
similar airmass.
Adaptive Optics observations of iPTF16geu
Natural Guide Star Adaptive Optics imaging from the VLT
Ks-band observations were obtained on 2016 Oct 11 using the Nasmyth Adaptive Optics Sys-
tem with the Near-Infrared Imager and Spectrograph (NACO) at the Very Large Telescope
(VLT). The bright star at R.A.=21◦4′17.42′′ and Dec=−6◦20′43.13′′, 29.5′′ south-east of iPTF16geu
with V =11.5 mag marked in Fig. 3, was used as a natural guide star (NGS). The spatial res-
olution decreases with the distance from the NGS, and 30′′ is close to the maximum distance
for this technique. Due to problems with the visual wave-front sensor, the infrared wavefront
sensor with the N20C80 dichroic was used. The observations were made with a standard jitter
pattern in a 5′′ box with single exposure integrations of 20 s, saved in cube mode. In total, 348
frames were obtained. The data were reduced with the NACO esorex pipeline, using the
standard jitter recipe (41). Since all exposures were individually saved, a small improvement
in the final resolution could be obtained by selecting the best-resolved 20 % of the frames. The
resulting image, Fig 3B, has an image quality of FWHM∼0.3 ′′ at the location of the target,
with a Strehl ratio of ∼5%. The Strehl ratio is defined as the ratio of peak diffraction intensities
of an aberrated and a perfect wavefront. The ratio indicates the level of image quality in the
presence of wavefront aberrations.
Laser Guide Star Adaptive Optics imaging from Keck
iPTF16geu was observed with the OSIRIS (42) imager behind the Keck I Laser Guide Star
Adaptive Optics (LGSAO) system on 2016 Oct 13 and separately with the Keck II NIRC2 near-
infrared imager in the H and Ks-bands (at 1.6µm and 2.2µm respectively) on 2016 Oct 22
and 23, and then again in the J-band (at 1.2µm) on Nov 05. The field of view of the OSIRIS
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imager is 20′′×20′′ and is sampled with 0.02′′ pixels by a 1024×1024 Hawaii 1 HgCdTe array.
The observation consisted of a sequence of 36 exposures of 30 s each in the OSIRIS “Hbb” filter
(1.638/0.330 µm), dithered in a 3×3 box pattern with 2.5′′ separation. The NGS south-east of
iPTF16geu mentioned above was used used for tip/tilt correction. Immediately following the
iPTF16geu observation, the tip/tilt star was centered on the OSIRIS imager and a short sequence
of dithered observations was taken as a PSF reference, yielding point source FWHM'0.07′′ (as
measured from the H = 15 mag star at R.A.=21◦4′18.042′′ and Dec=−6◦20′43.19′′ near the
bright tip/tilt star).
The OSIRIS data were reduced using standard infrared self-calibration techniques. First, the
36 individual frames were scaled to a common median and combined into a super-sky frame
using a 3-σ clipped mean algorithm, masking out a 2′′×2′′ box around the location of the target
source in each frame. This super-sky was divided by its own median in order to produce a
super-flat-field image that was then used to flat-field the individual science frames. The median
unmasked value was then subtracted from each flat-fielded science frame in order to produce
the flat-fielded, foreground-subtracted science frames. These frames were then shifted by the
dither offsets (adjusted slightly by hand to ensure proper alignment) and combined using a 3-σ
clipped mean algorithm. The final image is shown in Figures 3 and 4.
The NIRC2 observations consist of 39 exposures of 80 s each in the Ks-band, 9 exposures
of 120 s each in the H-band and 5 exposures of 300 s each in the J-band. Unfortunately, for the
J-band data, there was an instrument problem during the night and only two of the frames were
used in the end. We used the same tip-tilt star as above to do the AO corrections. The observa-
tions were carried out using the NIRC2 narrow camera with a field of view of 100′′×100′′ and
a pixel scale of 0.01′′/pixel. We dithered each of the frames by 2′′ using a custom nine-point
dithering pattern for better sky subtraction. To correct for flat-fielding and dark currents we
acquired a set of ten dark frames and twenty dome flat frames. The dome flats were separated
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into two sets with the first half with the dome flat lamp off and second half with the lamp on.
The dome flat off frames were used to estimate the thermal radiation which is non-negligible
for the Ks-band. The dome flat on frames where then subtracted with the combined flat-off
map, and the individual dark and flat frames where combined to generate master dark and dome
flat frames, respectively. This produced a combined dark-subtracted and flat-fielded images in
the J , H and Ks bands. For each science exposure the sky background of each pixel were es-
timated by using the preceding and following images after bad pixels and the object it self had
been masked. The reduction was carried out using custom python scripts. The images were then
finally corrected for geometric distortion using IDL routines available on the NIRC2 webpage.
The NIRC2 J-band, Fig. 4D, provides the highest resolution image in our dataset of the sys-
tem where the four SN images are visible. We used this image to determine the SN positions by
fitting a model to the system. The lensing galaxy was modeled using a Se´rsic profile (43) while
Gaussians were used for the the SN images. The fitted SN positions are shown in Table S4.
Observations with the Wide-Field Camera 3 aboard the Hubble Space Tele-
scope
The Hubble Space Telescope (HST) Wide Field Camera 3 (WFC3) images presented in Fig. 4
A–C were obtained under program DD 14862 (Principal Investigator: Goobar) using the ultra-
violet and visual (UVIS) channel on 2016 Oct 24 in the F475W , F625W and F814W filters
(where the filter names correspond to the central wavelengths in nm). UVIS consists of two
thinned, backside illuminated, ultra violet optimized 2048×4096 pixel CCDs. However, only
part of the UVIS2 chip was read for the iPTF16geu observations using the UVIS2-C512C-SUB
aperture. UVIS has a pixel scale of 0.04′′/pixel and the diffraction limited PSF for these filters
results in an image quality of FWHM'0.07′′. We used a standard 3-point dithering pattern with
post-flash to maximize the charge transfer efficiency (CTE) during read-out. The total expo-
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sure time for the three filters were 378 s, 291 s and 312 s for F475W , F625W and F814W ,
respectively.
The images were automatically processed at the Space Telescope Science Institute first
through version 3.3 of the calwf3 pipeline where they are dark subtracted, flat-fielded and
corrected for charge-transfer inefficiency. Further, the individual flatfielded images were com-
bined and corrected for geometric distortion using the AstroDrizzle software.
Using the same model as for the SN image positions, we fitted the relative fluxes of SN
images 2–4 with respect to image 1. For this procedure we kept the image positions fixed to
the values in Table S4, while allowing for a shift and a rotation of the the whole model. For the
F625W band, which covers a similar wavelength range as the R-band, we found that 90 % of
the total flux is contained in images 1–2 and 70 % of the total flux is contained in image 1 alone.
The relative brightnesses for the SN images with respect to the brightest image 1, the relative
reddening, and the extinction these correspond to assuming the extinction law from (23) are
shown in Table S5.
Fitting to a SN Ia lightcurve template
The lightcurves from the P48 and P60 photometry are presented in Figs. 2, and S2. Since SNe Ia
are a homogenous class of objects, templates or lightcurve models can typically be fitted to the
data. The free parameters are the time, t0, and brightness, m?B, of maximum in the rest-frame
B-band, the lightcurve width and the color of the SN.
The lightcurve width can be quantified by introducing a stretch factor, s, that scales the time
variable of the template with respect to t0. It has been shown that same behavior is also captured
by the second principal component of the SALT2 lightcurve model (17). In short, the SALT2
model is constructed from a principal component analysis of a large data set of normal SNe Ia.
The eigenvalue for the first component is directly related to the peak brightness, m?B, while the
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eigenvalue for the second component, x1, is normalized so that a SN with x1 = 0 correspond to
an average normal SN Ia. Further, objects with x1 = ±1 have lightcurve widths that correspond
to ±1σ of normal SNe Ia lightcurve width distribution.
The color is typically defined in terms of the rest-frame B−V magnitude. This is then used
to scale a color, or extinction, law that describes how the flux ratios vary with wavelength. For a
standard extinction law, the color excess, E(B − V ), is used to scale the law, where E(B − V )
is the B − V magnitude deviation from what would have been measured in the absence of
extinction. SALT2 uses an empirically derived color law where the scaling parameter, C, is the
deviation from the average B − V rest-frame color.
We fitted both a lightcurve template and the SALT2 model to the P48 and P60 photometry.
In Fig. 2 we show the best fitted SALT2 model. SALT2 was also used for the SN Ia cosmol-
ogy sample presented in (20). Using the same model allows us to estimate the magnification
independently of the value of the Hubble constant, H0, or any other cosmological parame-
ter. The SALT2 model has four free parameters, for which we obtain, t0 = 57654.1 ± 0.2,
m?B = 19.12 ± 0.03, and C = 0.23 ± 0.03 and x1 = 0.08 ± 0.19, respectively. The corrected
peak magnitude, mcorrB , is further obtained as
mcorrB = m
?
B − β · C + α · x1
where β = 3.101 ± 0.075 and α = 0.141 ± 0.006 have been derived simultaneously with the
cosmological parameters by (20) from the full sample of 740 SNe Ia. Since their data set is
well-sampled around z = 0.4, we can compare the lightcurve of iPTF16geu with the expected
average for the same redshift. This is shown in Fig. 2 together with the intrinsic brightness
dispersions of SNe Ia. By then comparing the derived peak magnitude of iPTF16geu with
the expected for an unlensed SN Ia at z = 0.409, we find that the SN has been boosted by
−4.3± 0.2 magnitudes where the intrinsic dispersion is accounted for in the quoted error bar.
8
We also tried to fit the spectral series of SN 2011fe, which is a normal and well observed
SN Ia, to the data. In Fig. S2 we show both the SALT2 lightcurve model and the best SN 2011fe
fit using the spectral series for the latter compiled by (44). The data are perfectly consistent with
both models but SN 2011fe provides a better fit in the rest-frame U -band. However, since the
SALT2 fit allows us to directly compare the brightness of iPTF16geu to other SNe Ia at the
same redshift in a cosmology independent manner we decided to use this for the main analysis.
iPTF16geu has the same lightcurve shape as SN2011fe, but a reddening of E(B−V ) = 0.31±
0.05 mag is required, assuming the extinction law from (23).
Both the SALT2 model and SN 2011fe fits show that the iPTF16geu is consistent with a
normal and average SNe Ia, but the derived values of C and E(B − V ) suggest that that the
SN is reddened by interstellar extinction. This reddening is taken into account for the estimated
lensing magnification and uncertainty above. However, given that most of the measured light,
∼ 70 %, is contained in SN image 1, the measured C is dominated by the color of this image.
Since we have also measured differential reddening of images 2–4 with respect to SN image 1,
the magnification of the system could in fact be higher. If the measured differential extinction
from Table S5 is taken into account we find that the total magnification of the system lie in the
range −4.1 mag to −4.8 mag.
Modelling of the gravitational lens
Our default lens model is an isothermal ellipsoid galaxy (25, 26) for which the convergence is
given by
κ =
b
2ω
, (S1)
where b is a convergence normalization parameter and
ω2 = (1− )(x− x0)2 + (1 + )(y − y0)2. (S2)
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Here, x0 and y0 correspond to the position of the lens centre and (1 + )/(1 − ) is the major-
to-minor axis ratio. The magnification is given by (26)
µ(x1, x2) =
(
1− b
ω
)−1
, (S3)
i.e., the isodensity contour κ = 1/2 correspond to the critical line in the lens plane. In the
forthcoming, positions in the lens plane are given in angular units. In terms of , the ellipticity,
e, of the galaxy is given by
e = 1−
√
1− 
1 + 
. (S4)
The projected mass M inside an isodensity contour of constant ω is given by (26)
M =
c2
4G
DsDl
Dls
bω√
1− 2 . (S5)
Assuming cosmological parameter values of H0 = 67.8 km s−1Mpc−1 and ΩM = 0.308 and
zero spatial curvature (45),
Dl = 745.8 Mpc, Ds = 1157.0 Mpc, andDls = 513.2 Mpc,
where Dl is the angular diameter distance to the lens, Ds to the source and Dls between the lens
and the source. The mass inside the critical line where ω = b is
M =
(
b
1′′
)2
2.0 · 1011M√
1− 2 . (S6)
Using the lensmodel software (46, 47), we fit the model to the observed SN positions by
varying b, , the position angle φ (from from North to East) of the major axis, and the offset,
(∆α,∆δ), between the center of the lens model and the Se´rsic profile used to fit the observed
light of the lensing galaxy as described above. The results are
b = 0.287′′ ± 0.005′′ ,
∆α = −0.013′′ ± 0.007′′ ,
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∆δ = −0.004′′ ± 0.008′′ ,
 = 0.16± 0.09 ,
φ = 65.8± 0.9 ,
or
M = (1.69± 0.06) · 1010M, (S7)
e = 0.15± 0.07. (S8)
For the best fit parameter values we get χ2min = 0.022. Constraining the centre of the lens
to coincide with the maximum surface brightness of the lens galaxy, i.e. (∆α,∆δ) = (0, 0)
within the observational uncertainties, i.e., ± 0.008′′, the minimum χ2 increases to χ2min = 1.8.
Following (30), we calculate the velocity dispersion by averaging over all possible inclination
angles and intrinsic axis ratios that can give rise to the observed projected surface density. The
resulting relation between b and the velocity dispersion, σv, is given by
b = 4pi
(
σ2v
c2
)2
Dls
Ds
√
1− λ
√1− 
1 + 
 , (S9)
where the functional form of λ depends on the probability for the three dimensional mass dis-
tribution of the lens to be oblate or prolate. Assuming total ignorance of this probability, we can
read off the value of λ for  = 0.16 from figure 1 in (30) to be λ = 1 ± 0.05. Numerically, we
have
σv = 280
(
b
λ
√
1− 
) 1
2 km s−1 = 156± 4 km s−1,
where λ
√
1−  = 0.92± 0.04.
We calculate the expected flux ratios, r, and their associated uncertainties by taking a
weighted average of the flux ratios over a grid of parameter values, here denoted by index
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i,
r¯ =
∑
i
Liri, (S10)
σ2r¯ =
∑
i
Li(ri − r¯)2, (S11)
where the weight is given by the likelihood of the parameter values given the observed image
positions,
Li ≡ exp
(
−1
2
χ2i
)
/
∑
i
exp
(
−1
2
χ2i
)
. (S12)
Suppressing the bar as an indicator for average values, the magnitude differences ∆mij =
−2.5 ln fi/fj between images i and j are:
∆m12 = −0.39± 0.11, ∆m13 = −0.33± 0.06, ∆m14 = 0.73± 0.06,
∆m23 = 0.04± 0.11, ∆m24 = 1.11± 0.06, ∆m34 = 1.06± 0.06.
In conclusion, image 4 is expected to be the brightest, while it is in fact observed to be the
faintest.
The predicted time delay, calculated as weighted averages analogously to the flux ratios,
between the SN images is small, ranging from 1.9 ± 1.2 hours to 15.7 ± 6.3 hours. Thus, the
maximal time-delay between any two images is 35 hours at the 99.9% confidence level with the
adopted model.
While the model estimates of the magnitude differences among the SN images have small
uncertainties, the total magnification is poorly constrained. Since there is a tail of very high
magnification output compatible with the observed image positions, the resulting weighted
mean total magnification is very sensitive to details of the grid of parameter values and pos-
sible cuts of low probability parameter values. Only when disregarding all parameter values
not being within 2σ of the best fit parameters can the total magnification be constrained at all,
µtot = 43± 29, consistent with the observed magnification µ ∼ 52.
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Motivated by the discrepancy between the image magnitude differences observed and the
ones predicted by the smooth lensing model, we consider the possibility of sub-structures as
possible added contributors to the lensing of one or more SN images.
Such sub-structures can include galactic subhalos (52), and compact objects in the form of
stars or possible compact dark matter objects. The magnification of SNe from stars is studied
in (53), where it is found that ∼ 70 % of multiple lensed SNe will experience additional mag-
nification from the lens galaxy star population of > 0.5 mag. The case of lensed quasars is
studied in, e.g (54).
A population of compact objects will create a network of caustics that can give rise to large
magifications if the source size is sufficiently small. If there is a relative motion between the
source, observer and the lensing compact object, or if the source size is changing, the magnifi-
cation can vary. The time scale of the variations will typically correspond to the Einstein radius
crossing time (see below), but can also be shorter in the case of caustic crossing events (55).
A full treatment of the gravitational lensing effects of sub-structures is beyond the scope of
this paper, but in order to show the typical scales involved, we briefly study the lensing effect
of a single compact object.
In the isolated point mass lens approximation, the relevant source plane length scale is given
by (48)
η0 =
√
2RS
DsDls
Dl
=
√
M
M
× 3.8 · 1016 cm, (S13)
whereRS is the Schwarzschild radius of the lens. To act efficiently as a lens, η0 should be larger
than the physical size, R, of the Type Ia SNe photosphere, typically
R
1015 cm
∼ 2.0 + 0.62(t− tmax)
1 week
, (S14)
which is derived from the the measured expansion velocities of the photosphere of SN2011fe
(22,49).
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A single lens point mass should have M>∼0.12M to be effective also one month after
maximum. For a lens with velocity 156 km s−1, this corresponds to time scales greater than 9
years. We can thus neglect any time dependence induced to the lightcurve from the motion of
isolated point masses with M>∼0.12M.
Predicted rate of highly magnified SNe Ia in iPTF
To date, almost 2000 SNe Ia up to z ∼ 0.2 have been discovered at P48 and classified over a
period of eight years (945 observing nights), with a detection limit of R ∼ 21 mag. Since they
are brighter, lensed SNe can be observed to higher redshifts. Using the compilation of measured
SN Ia volumetric rates in (1, see their Fig. 2), we estimate that within the larger volume up to
z = 0.4, the number of SNe Ia explosions is 12.6 deg−2 year−1, which when combined with the
total monitoring time and the average solid angle of the survey, yields a total of 6× 104 SNe Ia
in the field of view. This corresponds to a relative fraction 1.7×10−5 for events like iPTF16geu,
if this single event is representative for the true rate. Estimates of the inefficiencies in transient
detection and spectroscopic typing over the lifetime of the survey have been included in the
calculation.
To compare this outcome with the estimate of the expected probability we use the ray-
tracing SNOC Monte-Carlo package (50). SNOC was used in (11) to assess the expected rate
of strongly lensed SNe in planned satellite missions. We run a total of 107 simulated lines-
of-sight up to z = 0.45, with a volumetric redshift dependent SN Ia rate following the star
formation rate with redshift, one of the options in SNOC. The matter spatial distribution in
galaxy halos along the line of sight are simulated with two different smooth spherical functions,
the Singular Isothermal Sphere (SIS) profile,
ρ(r) =
σ2v
2piGr2
,
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where σ2v is the velocity dispersion; and the NFW profile (51),
ρ(r) =
ρ0
r
Rs
(
1 + r
Rs
)2 ,
where ρ0 and Rs parameters of the model and vary between halos. Since we only consider
spherical profiles, our simulations will not produce four, but only two images. Furthermore,
these simulations do not include the contribution from microlensing by a stellar population in
the line of sight.
However, in addition to the smooth spherical functions, we tested adding contributions from
point-like lenses (POI) to the mass density. In all cases, the contributions to the mass density
is self-consistently normalised to give the cosmological average mass density of the universe
found by the Planck collaboration for a ΛCDM universe, ΩM = 0.308 (45). The resulting dis-
tribution of the expected gravitational lensing amplification for the iPTF survey, µ, can be seen
in Fig. S3. For the simulations with smooth distributions, e.g., NFW, no event like iPTF16geu
came out of the simulations, corresponding to a probability less than 10−3 . Adding substruc-
tures in the from of compact objects increases the chances of intersecting a lens, yet the high
magnification found for iPTF16geu is rare. For a 90% contribution of compact objects to the
cosmic mass density, ΩM , we find a 5% chance of discovering a SN Ia with comparable lensing
magnification within the limited redshift range probed. In conclusion, the lensing characteris-
tics of iPTF16geu are rather unlikely, even considering the possibility of having a high density
of discrete compact sources.
Table S1: Imaging of iPTF16geu. All observations where imaging data
of iPTF16geu were obtained.
UTC Civil date MJD Telescope Filter Exp. time
(days) (s)
2016 Sep 05.3 57636.33 P48 R 60
2016 Sep 06.2 57637.18 P48 R 120
Continued on next page
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UTC Civil date MJD Telescope Filter Exp. time
(days) (s)
2016 Sep 07.2 57638.18 P48 R 120
2016 Sep 08.2 57639.23 P48 R 120
2016 Sep 09.2 57640.21 P48 R 120
2016 Sep 10.2 57641.20 P48 R 120
2016 Sep 11.2 57642.20 P48 R 120
2016 Sep 15.3 57646.33 P60/RC r′ 90
2016 Sep 15.3 57646.33 P60/RC i′ 90
2016 Sep 15.3 57646.33 P60/RC g′ 90
2016 Sep 17.4 57648.36 P60/RC r′ 90
2016 Sep 17.4 57648.36 P60/RC i′ 90
2016 Sep 17.4 57648.36 P60/RC g′ 90
2016 Sep 23.1 57654.14 P48 R 60
2016 Sep 24.1 57655.11 P48 R 120
2016 Sep 25.1 57656.12 P48 R 120
2016 Sep 26.1 57657.15 P48 R 120
2016 Sep 27.1 57658.13 P48 R 120
2016 Sep 28.2 57659.25 P48 R 60
2016 Sep 29.1 57660.15 P48 R 60
2016 Sep 30.1 57661.11 P48 R 120
2016 Oct 01.1 57662.10 P48 R 120
2016 Oct 02.1 57663.12 P48 R 120
2016 Oct 03.2 57664.17 P48 R 60
2016 Oct 03.2 57664.25 P60/RC r′ 90
2016 Oct 03.3 57664.25 P60/RC i′ 90
2016 Oct 03.3 57664.26 P60/RC r′ 90
2016 Oct 03.3 57664.26 P60/RC i′ 90
2016 Oct 03.3 57664.26 P60/RC g′ 90
2016 Oct 04.3 57665.29 P60/RC r′ 90
2016 Oct 04.3 57665.30 P60/RC i′ 90
2016 Oct 04.3 57665.30 P60/RC g′ 90
2016 Oct 06.1 57667.11 P60/RC r′ 90
2016 Oct 07.1 57668.10 P48 R 120
2016 Oct 08.1 57669.11 P48 R 60
2016 Oct 08.1 57669.15 P60/RC r′ 90
2016 Oct 09.1 57670.10 P48 R 60
2016 Oct 09.2 57670.17 P60/RC r′ 90
2016 Oct 09.2 57670.17 P60/RC i′ 90
2016 Oct 09.2 57670.17 P60/RC g′ 90
2016 Oct 09.2 57670.22 P60/RC r′ 90
2016 Oct 09.2 57670.23 P60/RC i′ 90
2016 Oct 10.2 57671.22 P60/RC i′ 90
2016 Oct 10.2 57671.24 P60/RC r′ 90
2016 Oct 10.2 57671.24 P60/RC i′ 90
2016 Oct 11.1 57672.05 VLT/NACO Ks 6960
2016 Oct 12.2 57673.19 P60/RC r′ 90
2016 Oct 12.2 57673.19 P60/RC i′ 90
Continued on next page
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UTC Civil date MJD Telescope Filter Exp. time
(days) (s)
2016 Oct 12.2 57673.21 P60/RC r′ 90
2016 Oct 12.2 57673.21 P60/RC i′ 90
2016 Oct 13.1 57674.12 P60/RC r′ 90
2016 Oct 13.1 57674.12 P60/RC i′ 90
2016 Oct 13.2 57674.21 Keck/OSIRIS Hbb 1080
2016 Oct 13.2 57674.21 P60/RC r′ 90
2016 Oct 13.2 57674.21 P60/RC i′ 90
2016 Oct 22.2 57683.22 Keck/NIRC2 Ks 3120
2016 Oct 23.2 57684.22 Keck/NIRC2 H 1080
2016 Oct 24.9 57685.88 HST/WFC3 F625W 291
2016 Oct 24.9 57685.89 HST/WFC3 F814W 312
2016 Oct 24.9 57685.92 HST/WFC3 F475W 378
2016 Nov 05.2 57697.21 Keck/NIRC2 J 600
Table S2: Photometry of individual exposures of iPTF16geu from the
P48 and P60/RC observations listed in Table S1. The photometry is
given in flux, f , which can be converted to magnitudes, m, in the AB
system as m = −2.5 log10(f) + ZP , with ZP = 25.
UTC Civil date MJD (days) Telescope Filter Flux (arbitrary) Flux σ ZP (AB)
2016 Aug 31.3 57631.33 P48 R 19 10 25.0
2016 Sep 01.3 57632.32 P48 R 8 13 25.0
2016 Sep 02.4 57633.35 P48 R 17 8 25.0
2016 Sep 04.3 57635.33 P48 R 38 10 25.0
2016 Sep 05.3 57636.33 P48 R 52 10 25.0
2016 Sep 06.2 57637.18 P48 R 81 13 25.0
2016 Sep 06.3 57637.33 P48 R 84 12 25.0
2016 Sep 07.2 57638.18 P48 R 98 11 25.0
2016 Sep 07.3 57638.33 P48 R 86 11 25.0
2016 Sep 08.2 57639.23 P48 R 115 14 25.0
2016 Sep 08.3 57639.34 P48 R 110 10 25.0
2016 Sep 09.2 57640.21 P48 R 131 13 25.0
2016 Sep 09.3 57640.32 P48 R 131 13 25.0
2016 Sep 10.2 57641.20 P48 R 166 18 25.0
2016 Sep 10.3 57641.32 P48 R 153 13 25.0
2016 Sep 11.2 57642.20 P48 R 205 19 25.0
2016 Sep 11.3 57642.31 P48 R 177 18 25.0
2016 Sep 15.3 57646.33 P60/RC r′ 221 16 25.0
2016 Sep 15.3 57646.33 P60/RC i′ 278 10 25.0
2016 Sep 15.3 57646.33 P60/RC g′ 107 13 25.0
2016 Sep 17.4 57648.36 P60/RC r′ 270 37 25.0
2016 Sep 17.4 57648.36 P60/RC i′ 325 18 25.0
Continued on next page
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UTC Civil date MJD (days) Telescope Filter Flux (arbitrary) Flux σ ZP (AB)
2016 Sep 17.4 57648.36 P60/RC g′ 112 16 25.0
2016 Sep 23.1 57654.14 P48 R 288 19 25.0
2016 Sep 24.1 57655.11 P48 R 283 23 25.0
2016 Sep 24.2 57655.24 P48 R 283 18 25.0
2016 Sep 25.1 57656.12 P48 R 310 23 25.0
2016 Sep 25.2 57656.25 P48 R 278 20 25.0
2016 Sep 26.1 57657.15 P48 R 273 18 25.0
2016 Sep 26.2 57657.25 P48 R 270 25 25.0
2016 Sep 27.1 57658.13 P48 R 281 21 25.0
2016 Sep 27.2 57658.18 P48 R 273 18 25.0
2016 Sep 28.2 57659.25 P48 R 286 24 25.0
2016 Sep 29.1 57660.15 P48 R 251 21 25.0
2016 Sep 30.1 57661.11 P48 R 247 20 25.0
2016 Sep 30.2 57661.15 P48 R 231 19 25.0
2016 Oct 01.1 57662.10 P48 R 265 27 25.0
2016 Oct 01.2 57662.23 P48 R 238 18 25.0
2016 Oct 02.1 57663.12 P48 R 227 17 25.0
2016 Oct 02.2 57663.22 P48 R 225 19 25.0
2016 Oct 03.2 57664.17 P48 R 229 19 25.0
2016 Oct 03.2 57664.25 P60/RC r′ 223 18 25.0
2016 Oct 03.3 57664.25 P60/RC i′ 347 29 25.0
2016 Oct 03.3 57664.26 P60/RC r′ 236 13 25.0
2016 Oct 03.3 57664.26 P60/RC i′ 316 55 25.0
2016 Oct 03.3 57664.26 P60/RC g′ 48 8 25.0
2016 Oct 04.3 57665.29 P60/RC r′ 205 19 25.0
2016 Oct 04.3 57665.30 P60/RC i′ 319 91 25.0
2016 Oct 04.3 57665.30 P60/RC g′ 53 8 25.0
2016 Oct 06.1 57667.11 P60/RC r′ 192 37 25.0
2016 Oct 07.1 57668.10 P48 R 203 19 25.0
2016 Oct 07.2 57668.22 P48 R 191 18 25.0
2016 Oct 08.1 57669.11 P48 R 180 23 25.0
2016 Oct 08.1 57669.15 P60/RC r′ 145 27 25.0
2016 Oct 09.1 57670.10 P48 R 194 25 25.0
2016 Oct 09.2 57670.17 P60/RC r′ 163 6 25.0
2016 Oct 09.2 57670.17 P60/RC i′ 251 12 25.0
2016 Oct 09.2 57670.17 P60/RC g′ 25 4 25.0
2016 Oct 09.2 57670.22 P60/RC r′ 146 12 25.0
2016 Oct 09.2 57670.23 P60/RC i′ 244 52 25.0
2016 Oct 10.2 57671.22 P60/RC i′ 227 368 25.0
2016 Oct 10.2 57671.24 P60/RC r′ 126 13 25.0
2016 Oct 10.2 57671.24 P60/RC i′ 242 187 25.0
2016 Oct 12.2 57673.19 P60/RC r′ 120 135 25.0
2016 Oct 12.2 57673.19 P60/RC i′ 223 29 25.0
2016 Oct 12.2 57673.21 P60/RC r′ 118 13 25.0
2016 Oct 12.2 57673.21 P60/RC i′ 256 141 25.0
2016 Oct 13.1 57674.12 P60/RC r′ 132 18 25.0
2016 Oct 13.1 57674.12 P60/RC i′ 203 11 25.0
Continued on next page
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UTC Civil date MJD (days) Telescope Filter Flux (arbitrary) Flux σ ZP (AB)
2016 Oct 13.2 57674.21 P60/RC r′ 96 12 25.0
2016 Oct 13.2 57674.21 P60/RC i′ 238 79 25.0
Table S3: Spectroscopic observations of iPTF16geu used for identification and redshift
measurements.
UT Date MJD Phase Telescope R ∆λ λ range Exp. time Airmass
(days) (days) Instrument (λ/∆λ) (A˚) (A˚) (s)
Oct 2.23 57663.23 6.5 P60/SEDM 100 58 4000-9500 2700 1.43
Oct 4.22 57665.22 7.9 P200/DBSP 740 8 3300-10000 1800 1.37
Oct 6.13 57667.13 9.3 P200/DBSP 560 10 3300-10000 3600 1.51
Oct 9.90 57670.90 12.0 NOT/ALFOSC 360 16 3500-9600 2700 1.22
Table S4: Fitted relative SN image positions. The positions are given in polar coordinates
with respect to the center, of the Se´rsic profile, and the angle, −pi < φ ≤ pi, is defined from
West to North. The SN image numbers are shown in Fig. 4. The fitted statistical uncertainty
on r and are φ 0.001′′ and 0.004 rad, respectively. The uncertainty, in the position of the whole
system, i.e. the center of the Se´rsic profile is 0.008′′ in both x and y.
SN Image r φ
(arcsec) (rad)
1 0.2679 +1.7861
2 0.3133 −2.7252
3 0.2874 −0.9761
4 0.2803 +0.4554
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Table S5: Relative photometry with respect to the first SN image. Here, E(F625W −
F814W ), is the relative color color excess with respect to SN image 1. All quoted uncertainties
are statistical errors. In the last two columns, the relative extinction are given using the measured
E(F625W − F814W ) together with the extinction law from (23).
SN image ∆F625W ∆F814W E(F625W − F814W ) AF625W AF814W
(mag) (mag) (mag) (mag) (mag)
2 1.26(0.01) 1.12(0.01) 0.14(0.01) 0.5 0.4
3 2.46(0.02) 2.33(0.02) 0.12(0.03) 0.5 0.4
4 3.62(0.05) 2.88(0.03) 0.75(0.06) 2.8 2.1
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Observed frame
Figure S1: Comparison between the observer frame P60 RC filters and the rest-frame
standard filters UBV , which historically have been used for studying SNe Ia.. The relative
transmissions of the observer frame P60 g′r′i′ filters are shown in red for the wavelengths indi-
cated by the bottom horizontal axis, while the corresponding rest-frame wavelengths and UBV
filter transmissions are plotted in blue. It is clear from the figure that the observer frame RC
g′r′i′ filters provide a close match to the rest-frame UBV for the redshift zSN = 0.409.
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Figure S2: Lightcurves of iPTF16geu in the P48 R-band and the P60 RC g′r′i′ bands. The
error bars are correlated. The solid lines show the fit of the nearby and normal SN 2011fe,
while the dashed show the best fit using the SALT2 model. The lightcurve fitting is carried out
in linear flux space which appropriately allows the inclusion of low signal-to-noise and negative
flux measurements. These points have been omitted in the plotting of Fig. 2, which is shows
magnitudes, while all data are shown here. The individual fluxes are given in Table S2.
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Figure S3: Computation of the lensing probability for SNe Ia in the Palomar Transient
Factory survey. SNOC simulations (50) of the expected likelihood for the gravitational lensing
amplification of SNe Ia up to z = 0.45 as a function if the density distribution of matter in
galaxy halos. The three cases displayed correspond to a smooth NFW profile, and a SIS profile
with a 10% and 90% fraction of substructures in the form of point-like lenses (POI). Only
simulations with substructures provide non-vanishing probability of finding an event with as
high amplification as iPTF16geu, indicted by the arrow.
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